Introduction
Total content of DNA reflects cell number in any organ made up primarily of diploid cells [Z] . Although some tetraploidy has been reported in brain [6] , the overwhelming majority of both neurones and glia are diploid. Total brain DNA reflects the total number of brain cells, and the ratio of protein to DNA or that of RNA to DNA reflects the average amount of protein or RNA per cell.
In rats, malnutrition at a time when brain cells are actively dividing curtails cell division and results in an ultimate reduction in total brain cell number [13] . This reduction in cell number will occur if the rats are malnourished from birth or if their mothers are malnourished during pregnancy [17] , and will persist even if the animals are later given an adequate diet. I n contrast, 'overfeeding' rats from birth to weaning will increase the rate of cell division in brain [15] . This increase in the rate of cell division will occur even after a short period of malnutrition if rehabilitation is begun while cell division is still actively occurring [16] . It would appear that the state of nutrition from before birth to 17 days of age will influence the rate of cell division and the ultimate number of cells in rat brain.
Examination of a series of 'normal' human brains collected in the United States from therapeutic abortions and from children who died from accidents or poisonings has demonstrated that DNA content increases linearly until birth, more slowly until 6 months ofage, and very little thereafter [l 11. It seems probable, therefore, that if the response to malnutrition in human brain is analogous to the response in rat brain, the critical postnatal period during which cell division could be curtailed would be the first six months of life.
Materials and Methods
The studies described here were carried out in two groups of children in Santiago, Chile. In the first group, all ten children were well nourished and were within the normal height and weight curves for both Chilean [I] and American children [lo] . They showed no clinical evidence of malnutrition and died acutely ofaccidents or poisonings. Twofetusesstudied were theproducts of therapeutic abortions for psychiatric reasons.
In the second group, all the infants died during the first year of life and showed typical signs of severe third degree malnutrition. They were all well below the third percentile for height and weight and presented a clinical picture of severe infantile marasmus. In none of these nine cases was breast feeding practiced; the major source of food was a liquid made of flour and water.
Brains were removed within one hour of death and immediately frozen. These were homogenized in toto to a 20 % suspension in distilled water. DNA, RNA, and protein were separated by a modification of the Schmidt-Thannhauser procedure [8] . Incorporation and recovery studies previously performed using rat brain showed that the methods used were effective for fractionation of these components of the central nervous system. DNA was determined by Burton's modification of the diphenylamine reaction [4] . When verified by direct ultraviolet spectrophotometry, there was agreement within 5 % between the methods. RNA was determined by the orcinol reaction [5] and protein by the method of LOWRY et al. [7] . Complete details of these methods have been published elsewhere [ l l , 12, 141.
Results
In all cases, the normally nourished infant in Santiago showed weights and amounts of protein, RNA, and DNA content in brain comparable to that of the population previously studied in the United States (figs. 1-4). The brains of the nine infants who died of severe malnutrition all showed reduced weights and reduced quantities of protein, RNA, and DNA content (figs. 1-4). In three infants (Infants 2, 3, and 4, table 11), DNA content was approximately 40 % of that expected. These three infants all weighed less than 2,000 grams at birth, indicating that they were prematures or had suffered fetal growth retardation. Unfortunate- T h e effect of severe early malnutrition on cellular growth of h u m a n brain 183 ly, gestational age records were not available to make this distinction. The reduction in weight ( fig. I ), protein ( fig. 2), and RNA (fig. 3) is roughly proportional to the reduction in DNA ( fig.4 ) and, thus, the ratios are normal, suggesting that the average protein or RNA content per cell is normal. If the data are plotted against weight instead of age, there is no reduction in DNA content in brain, and the reduction in cell number is proportional to the reduction in the weight of these children.
Discussion
'These data demonstrate that the brains of well-nourished Chilean children who died accidentally contain the same number of cells as the brains of chilnrcn accidentally dying in the United States. In contrast, children who died of severe malnutrition (marasmus) during the first year of life showed a reduced DNA content in brain. The data also suggest that the younger the child when malnutrition strikes, the more marked the effects. The three children in this study who weighed less than 2,000 grams at birth had a 60 % reduction in DNA content in brain. These results imply either that the brain of a very small infant may be more sensitive to severe postnatal malnutrition or that intrauterine malnutrition had already occurred in these three infants. Better prenatal case histories will have to be collected to separate these possibilities. The retardation in brain growth in all nine children studicd can bc entircly explained by the decreased number of brain cclls. The protein/DNA ratio (protein per cell) remained unchanged. The retardation ih brain growth, which has been inferred from measurements of head circumference [9] and demonstrated more directly by reduced brain weight [3] , was a result of the curtailment of cell division. The brains of these children contained fewer cells than brains of well-' nourished children of similar age.
Total brain weight and protein, RNA and DNA content were studied in children who died of severe malnutrition during the first year of life in Santiago, Chile.
Brains of the well-nourished children were the same wright and contained the same quantities of DNA, RNA and protein as brains from a comparable population studied in the United States. In contrast, the brains of the infants who died of malnutrition were proportionally reduced in weight and in nucleic acid and protein content. These data indicate that severe early malnutrition retards cell division in human brain.
